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Previous studies have explored tourists’ environmentally responsible behavior (ERB)
from the perspectives of individual commitment, attractiveness, and involvement.
This study approaches from the standpoint of environmental knowledge (EK); it
probes tourists’ behavior to facilitate sustainable tourism development, and constructs
a sustainable island tourism development model by integrating EK, environmental
sensitivity, place attachment, and ERB. Four hundred and seventy seven tourists
visiting the Penghu Islands, Taiwan, were surveyed. Structural equation modeling was
used to determine the relationships among the variables and the mediating effects.
Results indicate that higher levels of tourists’ EK about the Penghu Islands are
associated with stronger environmental sensitivity; environmental sensitivity which
tourists have for island tourism is positively associated with place attachment. The
extent of place attachment of Penghu as perceived by tourists is also positively
associated with stronger ERB. When tourists are highly sensitive to the attraction,
they are more likely to exhibit ERB. Environmental sensitivity and place attachment
were found to exert significant effects in mediating the relationships between EK and
ERB. This study pioneers the integration of all four constructs in a sustainable tourism
behavior model for tourists to island tourism destinations. Suggestions for marketing
and implementation of sustainable tourism, and their managerial implications are
proposed.
Keywords: environmental knowledge; environmental sensitivity; place attachment;
environmentally responsible behavior; sustainable tourism development
Introduction
For many years, research on tourists’ environmentally responsible behavior (ERB) has
been widely carried out and discussed. However, most studies focus on recreation
involvement (Lee, 2011), commitment (Lee, 2011), obligation (Dolnicar & Leisch,
2008), attractiveness (Cheng, Wu, & Huang, 2013), concern (Wurzinger & Johansson,
2006), and place attachment (Ramkissoon, Smith, & Weiler, 2013; Ramkissoon, Weiler,
& Smith, 2012, 2013). Although the contribution of these findings is recognized, it is
uncertain if tourists’ ERB is associated with their level of environmental knowledge and
degree of environmental sensitivity (Cheng et al., 2013). There seems to be a general lack
of understanding of the influence of knowledge and sensitivity on ERB.
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Environmental knowledge reflects the degree of concern regarding issues in physical
environments (Amyx, DeJong, Lin, Chakraborty, & Wiener, 1994). Huang and Shih
(2009) suggested that environmental knowledge is related to an understanding and con-
cern regarding natural environments, and encourages an individual’s stronger responsibil-
ity for environmental protection. Townsend (2000) stated that divers’ environmental
knowledge helps enhance their skills and they show responsible behaviors that reduce
their impacts on dive environment. Divers’ ERB echoes Peterson’s (1982) assertion on
environmental sensitivity, which claims that tourists with richer environmental knowl-
edge will be more likely to appreciate, care for, and show empathy toward the environ-
ment. Thus, the enhancement of tourists’ development of environmental knowledge
should reinforce their sensitivity to a destination. This is the primary concern of this
study.
Halpenny (2010) indicated that environmental degradation is often considered to be
human-driven. Environmental sensitivity is an individual’s affective characteristic to per-
ceive environments with empathy (Peterson, 1982; Stapp, 1974). Chawla (1998) defined
environmental sensitivity as “a predisposition to take an interest in learning about the
environment, feeling concern for it, and acting to conserve it, on the basis of formative
experiences”. Place attachment, on the other hand, is individuals’ positive affection
toward specific places (Giuliani, 2003; Hidalgo & Hernandez, 2001; Mesch & Manor,
1998; Riley, 1992; Williams & Vaske, 2003). Affection refers to individuals’ favor,
appreciation, and concern for the environment. Moore and Graefe (1994) noted that when
tourists are influenced by the quality of a destination’s recreational activities or its heri-
tage (Hou, Lin, & Morais, 2005), they gain respect and express inner affection for the des-
tination, particularly the symbolic meaning or belongingness, and even a sense of
centrality and objectivity (Bricker & Kerstetter, 2000). Many previous studies demon-
strated that place attachment positively influences ERB (Ramkissoon et al., 2012;
Ramkissoon, Weiler, & Smith, 2013; Ramkissoon, Smith, & Weiler, 2013; Vaske &
Kobrin, 2001). This study assumes that when tourists care for, show respect for, and have
high levels of attachment to a destination, they will have the intention to demonstrate pos-
itive behaviors, such as prevention or active protection for the given place.
This study takes the Penghu Islands, Taiwan, as the research base. In 2012, total tourists
on the islands had reached 901,552 (Penghu County Government, 2013). The islands are
small in area, have few geographic barriers (Baum, 1997; Lockhart, 1997), and preserve
their indigenous ecological environments, and special fauna and flora. However, the islands
have species fragility and high environmental sensitivity (Michalena, Hills, & Amat, 2009;
Lee, Yang, Chen, & Chen, 2010). Thus, with limited resources and environmental vulnera-
bility, large numbers of tourists could have a serious impact on the sustainable development
of island tourism (Aguilo, Alegre, & Sard, 2005; United Nations Environment Programme
[UNEP], 2003). Therefore, it is urgent to inform tourists about the concept of sustainability
in order to mitigate serious damage to precious ecological and cultural resources (Lindsay,
Craig, & Low, 2008).
Thus, this study aims to construct a causal relationship model of “environmental knowl-
edgeenvironmental sensitivityplace attachmentERB” by a “cognitionaffection
attitudebehavior” model (Fishbein & Manfredo, 1992). In other words, tourists with rich
environmental knowledge will have a high degree of concern and respect (environmental
sensitivity) to the destination. Such concern and respect will reinforce tourist’s affective
and functional attachment (place attachment) to the attraction they visited and, finally, they
will exhibit ERB toward the visited places. The findings of this study should help govern-
ment agencies and tourism operators to learn how to develop tourists’ ERB in tourist areas,
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enhancing sustainable development for island tourism. The conceptual framework of this
study is presented in Figure 1.
This study develops perspectives and explores the effects of tourists’ environmental
knowledge, environmental sensitivity, and place attachment on ERB for island tourism in
order to bridge gaps found in previous research. In practice, this study’s findings should
guide operational and managerial agencies to recognize the importance of education for
tourists’ environmental knowledge and environmental sensitivity so that tourists will
develop place attachment and ERB toward the destination. This research model is the first
of its kind to be used in Asia, but is suitable for the sustainable development of island
tourism elsewhere, and could be generalized to other places with fragility of species and
environmental vulnerability issues, such as nature-oriented tourism locations, heritage
conservation areas, ecotourism destinations, and protected areas.
Literature review and hypotheses
From the perspective of cognitive psychology, Fishbein and Manfredo (1992) suggested
the formation of behavioral intention as a process of “cognitionaffection
attitudeintention”. According to Folkes (1988), cognition is a type of direct experience
or knowledge and perception of subjects after the integration of information acquired by
different channels. Through cognition and evaluation, knowledge and perception
become beliefs which stand for environmental knowledge, as suggested by Amyx et al.
(1994). Bagozzi, Gopinath, and Nyer (1999) emphasized that affection is a type of psy-
chological feeling that represents environmental sensitivity, which generates inner envi-
ronmental concern. Attitude is an individual’s subjective cognition and evaluation
regarding specific behavior (Ajzen, 1985), and place attachment is a type of evaluation
of subjective cognition. Behavior refers to an individual’s actual actions (Ajzen, 1985),
and ERB is the adopted action. Broadly accepted, cognition influences affection, affec-
tion influences attitude, and attitude influences behavioral intention (Fishbein &
Manfredo, 1992; Folkes, 1988). This study aims to further explore the effects of environ-
mental knowledge (cognition) on environmental sensitivity (affection); environmental
sensitivity (affection) on place attachment (attitude); and place attachment (attitude) on
ERB (behavior).
Environmental knowledge is the degree of concern regarding natural environments
(Amyx et al., 1994; Huang & Shih, 2009). Fryxell and Lo (2003) defined environmental
knowledge as a kind of common knowledge, including environmental protection, natural
environments, ecosystems, etc. Haron, Paim, and Yahaya (2005) suggested that humans
can demonstrate their abilities by the level of understanding of environmental knowledge.
Previous measurements of environmental knowledge were mostly constructed from the
perspective of environmental education, and based on knowledge and skills of ecology,
Cognion
Environmental 
knowledge
Aﬀecon
Environmental 
Sensivity
Atude
Place 
Aachment
Behavior
Environmentally 
Responsible Behavior
Figure 1. Conceptual framework.
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environmental science, environmental problems/issues, and environmental action strate-
gies (Marcinkowski & Rehring, 1995). According to the research of Wurzinger and
Johansson (2006), tourists with richer knowledge of the environments will be more con-
cerned about the environmental issues of visited locations.
Peterson (1982) defined environmental sensitivity as “affective attributes that result in
an individual viewing the environment from an empathetic perspective”. It was divided
into two parts: “individuals’ favor for natural environments” and “intention to have action
for a harmonious relationship with natural environments”. Individuals who are sensitive
to the environment possess a basic appreciation and concern for the natural environment,
yet this appreciation and concern lacks sufficient intensity to motivate them to alter their
behavior. Hungerford and Volk (1990) further explained that environmental sensitivity
was “an empathetic perspective towards the environment”, which has been regarded as
one of the variables contributing to responsible environmental citizenship; a close con-
nection between environmental sensitivity and the development of pro-environmental
behavior has been identified.
In the past, environmental education demonstrated that when individuals have
more environmental knowledge, their environmental concern will be stronger (Hines,
Hungerford, & Tomera, 1987; Lyons & Breakwell, 1994). Huang and Shih (2009) sug-
gested that people with higher level environmental knowledge will fulfill the responsibil-
ity of environmental protection. Sivek and Hungerford (1989/1990) pointed out that
environmental knowledge can enhance people’s environmental sensitivity, and environ-
mental knowledge and environmental sensitivity influence the performance of environ-
mental behavior.
Place attachment is a multi-dimensional concept related to individuals, psychological
processes, scope, or scale (Scannell & Gifford, 2010). It is the identification, gratitude,
and concern linked to special places caused by positive affection between individuals and
natural environments (Hidalgo & Hernandez, 2001; Manzo, 2003, 2005; Moore &
Graefe, 1994). It combines affection, cognition, and behavior (Harris, Brown, & Werner,
1996). Therefore, leisure/tourism researchers have widely applied place attachment
to discussions of tourists’ attachment emotions and behavior since 1980 (Bricker &
Kerstetter, 2000; Hou et al., 2005; Hwang, Lee, and Chen, 2005; Kyle, Bricker, Graefe,
& Wickham, 2004; Ramkissoon, Smith, & Weiler, 2013; Williams & Vaske, 2003).
Regarding the dimensions of measurement, tourism scholars mostly described the mean-
ing of place attachment to tourism attractions through the two dimensions of “place
dependence” and “place identity” (Bricker & Kerstetter, 2000; Kyle, Absher, & Graefe,
2003; Moore & Graefe, 1994; Williams, Patterson, Roggenbuck, & Watson, 1992). Place
dependence reflects how well a location facilitates users’ particular activities, as well as
the importance of a place in meeting the functional goals of individuals (Moore & Graefe,
1994); moreover, place dependence can easily elicit concrete actions or behaviors from
individuals (Borden & Schettino, 1979; Schreyer, Jacob, & White, 1981; Williams et al.,
1992; Williams & Vaske, 2003). Place identity, on the other hand, denotes an important
substructure of self-identity and a critical symbolic link between a person and a location
(Lalli, 1992; Proshansky, Fabian, & Kaminoff, 1983; Stedman, 2002; Williams & Vaske,
2003).
Environmental sensitivity emphasizes individual’s concern and respect for the envi-
ronment (Peterson, 1982). Previous studies on tourism demonstrated that involvement is
the antecedent of place attachment (Kyle et al., 2004; Moore & Graefe, 1994). Hummon
(1992) defined place attachment as “an individual’s affective involvement and belonging
to places”. Bricker and Kerstetter (2000) indicated that place attachment is a type
560 T.-M. Cheng and H.C. Wu
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ita
 St
ud
i d
i B
olo
gn
a] 
at 
08
:34
 09
 O
cto
be
r 2
01
7 
of emotional belonging, and users’ perceived combination of themselves and the places.
Based on the above literature, when tourists have emotional concern and respect for travel
environments, and are sensitive to the attraction, they will easily have affective involve-
ment and belonging to the locations. In other words, they will develop higher place
attachment to tourism destinations.
Sustainable development is a growing global issue and ERB is closely linked to
attaining sustainable development (Dolnicar & Gr€un, 2009). ERB refers to actions that
reflect concerns for the natural environment by individuals or groups (Hungerford &
Peyton, 1976), and measures taken to prevent or solve environmental problems (Chao &
Lam, 2011; Huang & Yore, 2005; Hungerford & Volk, 1990; Hsu & Roth, 1998; Marcin-
kowski, 1988; Sivek and Hungerford, 1989/1990). People with such characteristics will
voluntarily show sustainable behaviors and exercise the least impacts on natural environ-
ments (Kollmuss & Agyeman, 2002), and even make their actions beneficial for the envi-
ronment (Steg & Vlek, 2009).
Many earlier studies suggested that the reason people did not value ERB was due to
their neglect of natural environments. Thus, it is necessary to readjust public values
regarding ERB (Reser, 1995; Roszak, 1992). In recent years, the public has begun to rec-
ognize many environmental problems (Bamberg & Moser, 2007; Dolnicar, 2010). If they
have the intention to demonstrate positive behavior for environments, they will effec-
tively mitigate their damage to the environment (Dunlap & Scarce, 1991; Howell &
Laska, 1992; Kollmuss & Agyeman, 2002; Scannell & Gifford, 2010; Tarrant & Cordell,
1997). Peer pressure, regulations, formal education, and instruction about environmental
protection can contribute to the performance of ERB (Halpenny, 2010). Sia, Hungerford,
and Tomera (1985) and Marcinkowski (1988) also indicated that environmental sensitiv-
ity is an antecedent variable for ERB. As for the enhancement of ERB, scholars have pre-
sented two types of viewpoints. Some proposed rewards or punishments to encourage
ERB (Poortinga, Steg, Vlek, & Wiersma, 2003; Steg, Dreijerink, & Abrahamse, 2006).
Others suggested that in comparison to punishment, rewards can more effectively rein-
force ERB, as encouragement will connect with positive affection and attitude, and, thus,
better support behavioral change (Geller, Winett, & Everett, 1982). For tourism, the
selection of modes of transport is a key factor of tourists’ intention to adopt ERB, particu-
larly nature-based tourism (Bamberg & Schmidt, 2003; Harland, Staats, & Wilke, 1999;
Heath & Gifford, 2002). Evidence also demonstrates that, if people are committed to pro-
tect the environment, they are more likely to show ERB (Lehman & Geller, 2004;
Schultz, Oskamp, & Mainieri, 1995).
As previous studies stated, place attachment is an antecedent of ERB (Alegre &
Juaneda, 2006; Budruk, Thomas, & Tyrrell, 2009; Cheng et al., 2013; Everett & Aitchi-
son, 2008; Halpenny, 2006; Randall & Rollins, 2009). Early research focused on relation-
ships between individual environmental behaviors and familiar residential places. With
long-term place relationship and commitment to the local environment, people developed
attachments to places, which enhanced ERB in daily lives (Hines et al., 1987; Relph,
1976). Recent studies have applied ERB to the field of tourism and recreation (G€ossling
& Williams, 2010; Hou et al., 2005; Hwang et al., 2005; Kyle et al., 2004; Lee, 2001;
Schultz, 2000), and some studies revealed that when individuals have attachment to spe-
cific tourist locations, they will care about the environment and be concerned with issues
of environmental protection (Carr, 2002; Harrison, Burgess, & Clark, 1998; Pooley &
O’Connor, 2000).
Based on the above statements, tourists with rich knowledge about a destination are
more likely concerned about the local environments, and tend to have sensitivity and
Journal of Sustainable Tourism 561
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attachment to that place, which will further reinforce their identification and dependence
on the attraction. Finally, tourists will display ERB for the tourism locations. Therefore,
the following research hypotheses are proposed (also see Figure 2):
H1: Environmental knowledge possesses a significant and direct impact on tourist
environmental sensitivity (H11), and an indirect impact on place attachment
(H12).
H2: Environmental sensitivity exerts a significant and direct impact on tourist place
attachment (H21), and an indirect impact on ERB (H22).
H3: Environmental sensitivity performs a significant and direct impact on ERB.
H4: Place attachment exercises a significant and direct impact on ERB.
Method
Location selection
This study selected the largest island area in Taiwan, the Penghu Islands, as the study site.
Penghu includes 90 large and small islands. Due to marine erosion, the coastline is com-
plex, with many marine abrasion platforms and fringing reefs. Thus, the islands are spe-
cies rich. Penghu Bay was selected as one of the “world’s most beautiful bays” by the
Most Beautiful Bays in the World Club, following San Francisco Bay in the USA, Qing-
dao Bay in China, Halong Bay in Vietnam, and Mont Saint-Michel Bay in France.
Penghu’s islands were also listed in Lonely Planet’s Best in the Travel 2011 guide as one
of the world’s best secret islands for natural scenery, as well as the “touching nostalgia”
of unspoiled traditional Taiwanese culture. Therefore, this study selects Penghu as the
research base. Moreover, as tourism in Penghu is vigorous, it is the most popular island
attraction in Taiwan; during busy seasons there are several hundred thousands of tourists,
which have environmental impacts on the more fragile natural areas, especially through
water activities (surfing, jet-ski, banana boats, diving, etc.). Thus, knowing how to
enhance tourists’ environmental knowledge of and sensitivity toward the environment,
while properly managing tourism development and environmental protection, are key
issues for Penghu’s island tourism.
Figure 2. Sustainable tourism behavior model for tourists at Penghu Islands.
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Sample selection and data collection
Airplanes are the main transportation means for tourists to reach Penghu Islands. Thus,
the questionnaires were distributed at the Magong Airport of Penghu. Data were collected
from July to August 2011, which is the peak season. Convenience sampling was
employed for securing a larger group of respondents. Data collection was conducted by
the next-to-pass method. A total of 512 questionnaires were distributed, with 477 valid
questionnaires returned, for a valid return rate of 93%.
Measurement
Nine items are contained in the dimension of “environmental knowledge”, as proposed by
Haron et al. (2005). This study conducts factor analysis on these nine items and adopts
principal component analysis and varimax as rotation. Two factors with eigenvalues
greater than one are extracted and named “sustainable development knowledge” (four
items) and “environmental protection knowledge” (five items). Measurement of
“environmental sensitivity” is based on the scale constructed by Daniel (2002), including
four items. Items that measure place attachment are based on the scales developed by
Williams and Roggenbuck (1989), and two demonstrated dimensions, “place identity”
and “place dependence” are adopted, involving eight items in total. ERB is measured by
“general behavior” and “special behavior”, as proposed by Smith-Sebasto and D’Costa
(1995), including eight items. All scales are based on the Likert 5-point scale, from
“strongly disagree (1)” to “strongly agree (5)”.
Measure reliability and validity analysis
In order to measure correlation among the dimensions, this study conducts confirmation
factor analysis and tests validity and reliability of the returned valid questionnaires. Data
in Table 1 show four variables meet Cronbach’s a of sub-dimensions and reliability of
dimensions construct reliability reaches above 0.7, satisfying basic requirement of inter-
nal consistency (Hair, Anderson, Tatham, & Black, 1998). In addition, factor loading falls
in the range of 0.600.90, which is significant (p < 0.001) and matches the standard of
0.500.95, as suggested by Bagozzi and Yi (1988). Composite reliability (CR) of dimen-
sions is above 0.60 (Fornell & Larcker, 1981), indicating good reliability of the constructs
measured in this study (J€oreskog & S€orbom, 1996).
Regarding validity of scales, average variances extracted (AVE) between the dimen-
sions and corresponding items is used to calculate average explanatory power. According
to the result of the measurement, AVE is above 0.50; thus, the scales of this study have
convergent validity (Fornell & Larcker, 1981). In addition, discriminant validity is mea-
sured upon AVE of dimensions greater than square root of correlation coefficients
between the dimensions. AVE of this scale is 0.500.65, which all reach the standard.
The square roots of AVE dimensions are 0.670.81, and are above the correlation coeffi-
cients of pair dimensions (see Table 2). Therefore, the scale has good convergent validity
and discriminant validity (Fornell & Larcker, 1981).
Results
Respondents’ profile
There were more female than male respondents (57% as against 43%). The largest single
age group was the 2025 year olds (36%). Most respondents were service industry
Journal of Sustainable Tourism 563
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Table 1. Outcomes of confirmatory factor analysis.
Dimensions and items Mean (SD)
Factor
loading (λ)a CRb AVEc
Cronbach’s a
R2 (errors)
Environmental knowledge
Sustainable development knowledge 0.81 0.52 0.83
I know that the maintenance of
ecological balance will enhance
the sustainable development of
islands.
4.59 (0.59) 0.71 0.50 (0.50)
I know that for the next
generation, we should protect
the natural resources of islands.
4.71 (0.50) 0.72 0.52 (0.48)
I know that the maintenance of
diversity of species on islands
will balance the ecology.
4.57 (0.63) 0.76 0.57 (0.43)
I know that extensive development
of natural resources will
consume the islands.
4.61 (0.60) 0.70 0.48 (0.52)
Environmental protection knowledge 0.77 0.51 0.78
I know that excessive ocean
recreational activities will
damage oceanic environments
of islands.
4.38 (0.76) 0.70 0.49 (0.51)
I know that carbon dioxide
emissions by automobiles and
motorcycles will pollute the
islands.
4.42 (0.71) 0.70 0.49 (0.51)
I know that over extensive tourism
development will sacrifice
natural resources and
environments.
4.32 (0.78) 0.60 0.37 (0.63)
I know that, in the trip, the use of
green tableware, such as bowls
and chopsticks will avoid
damage to the environment.
4.43 (0.77) 0.72 0.51 (0.48)
I know that the use of public
transportation or biking can
avoid air pollution.
4.39 (0.74) 0.63 0.40 (0.60)
Environmental sensitivity 0.80 0.50 0.80
I enjoy natural environments 4.52 (0.60) 0.71 0.50 (0.50)
I am concerned about the
ecological preservation in
Penghu.
4.13 (0.72) 0.70 0.50 (0.50)
I appreciate the natural
environment of Penghu
4.46 (0.64) 0.74 0.55 (0.45)
I care about the impact of my
living habits on the natural
environments of Penghu.
4.14 (0.75) 0.67 0.45 (0.55)
Place attachment
Place identity 0.88 0.65 0.88
4.00 (0.82) 0.73 0.54 (0.46)
(continued)
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Table 1. (Continued )
Dimensions and items Mean (SD)
Factor
loading (λ)a CRb AVEc
Cronbach’s a
R2 (errors)
Touring Penghu has a deep
meaning for me
I have a strong sense of identifying
with Penghu.
3.75 (0.86) 0.88 0.77 (0.23)
I have a strong sense of belonging
in regard to Penghu.
3.83 (0.83) 0.84 0.70 (0.30)
I have special feelings for the
Penghu and the tourists.
3.82 (0.87) 0.76 0.58 (0.42)
Place dependence 0.88 0.64 0.88
I enjoy traveling in Penghu more
than other tourism destinations.
3.61 (0.89) 0.88 0.77 (0.23)
I am more satisfied with traveling
in Penghu than other tourism
destinations.
3.53 (0.89) 0.90 0.80 (0.20)
It is more important to visit
Penghu than other tourism
destinations.
3.37 (0.88) 0.77 0.60 (0.40)
No other tourism locations can
replace the tourism of Penghu.
3.33 (0.95) 0.63 0.40 (0.60)
Environmentally responsible behavior
General behavior 0.77 0.55 0.79
I try to solve the environmental
problems in Penghu.
3.73 (0.76) 0.64 0.41 (0.59)
I read the reports, advertising, and
books related to the
environments of Penghu.
3.76 (0.78) 0.61 0.37 (0.63)
I discuss with others about
environmental protection of
Penghu.
3.56 (0.81) 0.69 0.48 (0.52)
I try to convince companions to
adopt positive behaviors in the
natural environments of
Penghu.
3.78 (0.77) 0.74 0.55 (0.45)
Special behavior 0.80 0.51 0.81
When I see others’ inadequate
environmental behavior in
Penghu, I will report it to the
authorities.
3.68 (0.82) 0.78 0.61 (0.39)
According to the law, I will deter
any behavior damaging the
environment of Penghu.
3.64 (0.81) 0.62 (0.38)
I pick up trash and branches when
I see them on the beach.
3.67 (0.82) 0.65 0.42 (0.58)
I participate in activities to clean
the beach (such as picking up
trash on the beach).
3.66 (0.89) 0.61 0.37 (0.63)
Notes: aAll normalized factor loadings are significant; bComposite reliabilityD (Sλ)2 / [(Sλ)2 C S(u)] (J€oreskog
& S€orbom, 1996); cAverage variance extracted D (Sλ2) / [Sλ2 CS(u)]. p < 0.001.
Journal of Sustainable Tourism 565
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ita
 St
ud
i d
i B
olo
gn
a] 
at 
08
:34
 09
 O
cto
be
r 2
01
7 
employees (31.9%), followed by students (23%). The majority were unmarried (68.1%)
with university degree (68.1%). Monthly incomes were mostly NT$10,00130,000
(37.7%) (US$1 D NT$29.40). Regarding tourists’ residential areas, interviewed tourists
were mostly from southern Taiwan (36.6%) and northern Taiwan (35.8%). Many
respondents had visited Penghu more than three times (40.6%); 34.2% were visiting Pen-
ghu for the first time. The profile of respondents is summarized in Table 3.
Structural model
In order to measure causal relationships between latent variables and observable varia-
bles, this study adopted structural equation modeling (SEM) and maximum likelihood
estimation (MLE) to estimate the correlations of variables in the proposed model. SEM
was used to evaluate the influence of environmental knowledge, environmental sensi-
tivity, and place attachment on ERB. This study tests overall model goodness of fit,
with the results, as follows: x2 D 59.5 (p D 0.00, df D 31), NCI (x2/df) (normed chi-
square index) D 1.91, GFI (goodness-of-fit index) D 0.97, AGFI (adjusted goodness-
of-fit index) D 0.95, NFI (normed fit index) D 0.97, RFI (relative fit index) D 0.96,
CFI (comparative fit index) D 0.98, IFI (incremental fit index) D 0.98, RMR (root
mean square residual) D 0.01, and RMSEA (root mean square error of approximation)
D 0.05. The above figures satisfy the standard of fit, as suggested by J€oreskog et al.
(1996), and it demonstrates that the scales constructed by this study have goodness of
fit (see Table 4).
Path analysis
Among the four hypotheses, environmental knowledge significantly and positively influ-
ences environmental sensitivity (H1) (g11 D 0.64, p < 0.001), which means that the
parameter estimate of the path is significant. H1 is supported. Environmental sensitivity
significantly and positively influences place attachment (H2) (b21 D 0.60, p < 0.001).
Table 2. Means, standard deviations, and correlation coefficients of variables and dimensions.
Variable and dimension Mean
Standard
deviation 1 2 3 4 5 6 7
Sustainable knowledge
Sustainable development
knowledge
4.62 0.47 (0.72)
Protection knowledge
Environmental protection
knowledge
4.39 0.55 0.62 (0.64)
Environmental sensitivity 4.31 0.54 0.48 0.44 (0.71)
Place identity 3.85 0.72 0.25 0.27 0.51 (0.81)
Place dependence 3.46 0.78 0.09 0.11 0.34 0.65 (0.80)
General behavior 3.70 0.61 0.18 0.22 0.45 0.50 0.42 (0.67)
Special behavior 3.66 0.67 0.17 0.21 0.42 0.44 0.34 0.63 (0.71)
Notes: Figures of diagonal lines are square roots of AVE of latent variables, which should be higher than the
figures of non-diagonal lines.
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Table 3. Demographic profile of the respondents.
Variable n %
Gender
Male 205 43.0
Female 272 57.0
Age (years)
2025 172 36.0
2635 157 32.9
3645 115 24.1
4655 21 4.5
356 12 2.5
Marital status
Married 152 31.9
Unmarried 325 68.1
Education level
Elementary school or below 0 0.0
Junior high school 12 2.5
Senior high school 85 17.9
University or college 325 68.1
Graduate school 55 11.5
Occupation
Soldier/teacher/government official 78 16.4
Businessman/worker 77 16.1
Service industry 152 31.9
Freelancer 26 5.5
Student 110 23.0
Housekeeper 15 3.1
Farm/fishing/livestock industry 7 1.5
Retired 2 0.4
Other 10 2.1
Monthly income (NT$a)
210,000 62 13.0
10,00130,000 180 37.7
30,00140,000 83 17.4
40,00150,000 60 12.6
50,00160,000 54 11.3
360,001 38 8.0
Residence
Northern Taiwan 171 35.8
Mid Taiwan 75 15.7
Southern Taiwan 174 36.6
Eastern Taiwan 8 1.7
Islands (Kinmen, Matsu, Penghu) 45 9.4
Other 4 0.8
Previous visits
First timers 163 34.2
Two times 120 25.2
Three times and above 194 40.6
aUS$1D NT$29.40 (30 October 2012).
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H2 is supported. Environmental sensitivity significantly and positively influences ERB
(H3) (b31 D 0.32, p < 0.001). H3 is supported. Place attachment positively and signifi-
cantly influences ERB (H4) (b32 D 0.45, p < 0.001). H4 is supported. The outcomes
are shown in Figure 3.
According to Tables 5 and 6, there are five paths regarding the effects on tourists’
ERB. There are two direct paths: “place attachment  ERB” and “environmental
sensitivity  ERB”. Total positive and direct effects are 0.77 (0.45 C 0.32). There
are three indirect paths: “environmental sensitivityplace attachmentERB”,
“environmental knowledgeenvironmental sensitivityERB”, and “environmental
knowledgeenvironmental sensitivityplace attachmentERB”. Total positive and indi-
rect effects are 0.64 (0.27 C 0.20 C 0.17). Total effect is 1.41, which means that the
effects of direct paths are more significant than indirect paths (0.77 > 0.64). Two paths of
effects on ERB are triggered by environmental sensitivity and place attachment, which
Table 4. Goodness-of-fit test for the complete mediation model.
Indices Model fit Criteria Test result of measurement
x2 test
x2/df (NCI) 1.91 (59.5/31) <3 Yes
Absolute fit measures
GFI 0.97 >0.90 Yes
AGFI 0.95 >0.90 Yes
RMR 0.01 <0.05 Yes
RMSEA 0.05 <0.08 Yes
Baseline comparisons
NFI 0.97 >0.90 Yes
RFI 0.96 >0.90 Yes
IFI 0.98 >0.90 Yes
CFI 0.98 >0.90 Yes
Figure 3. Structural model of sustainable tourism behavior model for tourists of Penghu Islands
tourism.
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means that “environmental sensitivity” and “place attachment” are key factors for tourists
to have ERB.
Discussion
This study explores the effects of the Penghu Islands tourists’ environmental knowledge
and environmental sensitivity on place attachment and ERB. The findings reveal that
when tourists have richer environmental knowledge, their environmental sensitivity to
tourism locations will be higher. In other words, tourists with a high level of knowledge
on sustainable development and environmental protection are more likely to enjoy the
environment of tourist destinations, and are more concerned about (sensitivity) local sur-
roundings and impact of their living habits on environments. They will also adopt certain
Table 5. The direct, indirect, and total effects of the structural model.
Dependent variables
Independent variables
Environmental
sensitivity
Place
attachment
Environmentally
responsible behavior Hypotheses
Exogenous variables
Environmental knowledge
Direct effect 0.64 N.A. N.A. Accepted
Indirect effect N.A. 0.38 0.22 Accepted
Total effect 0.64 0.38 0.37 Accepted
Endogenous variables
Environmental sensitivity
Direct effect 0.60 0.32 Accepted
Indirect effect N.A. 0.27 Accepted
Total effect 0.60 0.59 Accepted
Place attachment
Direct effect 0.45 Accepted
Indirect effect N.A. N.A.
Total effect 0.45 Accepted
Notes:  p< 0.05.
Table 6. Paths of effect of ERB.
Paths of effect Direct effect Indirect effect
Place attachmentERB 0.45
Environmental sensitivityERB 0.32
Environmental sensitivityplace attachmentERB (0.60 £ 0.45) 0.27
Environmental knowledgeenvironmental sensitivityERB
(0.64 £ 0.32)
0.20
Environmental knowledgeenvironmental sensitivityplace
attachmentERB (0.64 £ 0.60 £ 0.45)
0.17
Total 0.77 0.64
Total effect 1.41
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actions (ERB) to develop harmonious relationships with natural environments while trav-
elling. The results of this study respond to the research of Wu, Yeh, and Huan (2010),
which suggested that tourists with richer environmental knowledge are more likely con-
cerned about the environment.
Environmental sensitivity is the key antecedent variable of place attachment and
ERB. In other words, when tourists’ environmental sensitivity to the destinations is sig-
nificant, it will enhance their affective identification with the locations; in the meantime,
they will show responsible behavior toward the places as well. The results validate the
findings of Peterson (1982), Sia et al. (1985), and Marcinkowski (1988).
According to previous research, when tourists are highly attached to the attractions,
they are more likely to show their ERB (Cheng et al., 2013; Lee, 2011; Ramkissoon
et al., 2012; Ramkissoon, Weiler, & Smith, 2013). It means that tourists with high attach-
ment to the destination will prevent it from being damaged, and even convince others to
adopt behavior benefiting the local environment.
In accordance with the findings of this study, there are two indirect paths of effects in
the research model. One is that environmental knowledge will indirectly influence ERB
by environmental sensitivity; the other is that environmental sensitivity will indirectly
influence ERB through place attachment. Therefore, “environmental sensitivity” and
“place attachment” can be considered the strongest and the most effective predictor of
tourists’ ERB. That is, “environmental sensitivity” and “place attachment” were found to
exert significant effects in mediating the relationships between environmental knowledge
and ERB. The above results mirror the studies done by Vaske and Kobrin (2001), and
Ramkissoon et al. (2012). In order to accomplish the goal of sustainable island tourism,
marketing and management agencies at tourist destinations should specifically establish
programs to reinforce tourists’ environmental sensitivity and place attachment for the
attraction so that ERB can grow. Surveys, like the one carried out for this paper, can pro-
vide a wealth of ways to develop those programs  including, for example, the answers
to questions in this research survey on visitor reactions to using public transport or green
tableware  see Table 1.
Conclusion
From the perspectives of environmental knowledge, this study explored the relationships
between tourists’ knowledge, sensitivity, place attachment, and ERB, in order to construct
a behavioral model for sustainable island tourism development. Based on the results, the
findings are summarized as follows: (1) in the relationship between tourists’ environmen-
tal knowledge and environmental sensitivity, a high level of environmental knowledge is
associated with a stronger environmental sensitivity; (2) in the relationship between
tourists’ environmental sensitivity and place attachment, when tourists are highly sensi-
tive to the destination, their place attachment will be more significant; (3) in the relation-
ship between environmental sensitivity and ERB, stronger environmental sensitivity is
associated with stronger ERB toward the destination; and (4) in the relationship between
place attachment and ERB, higher place attachment enhances ERB.
Suggestions
Based upon the structural model of this study, environmental knowledge and environmental
sensitivity can effectively enhance tourists’ place attachment and reinforce ERB. Thus, it is
important for the Penghu tourism administration to promote tourists’ knowledge of, and
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sensitivity toward, the environment. First, this paper suggests that Penghu tourism agencies
should provide in-service training and courses for local tour leaders, tour guides or inter-
preters by introducing the concepts of sustainable development and environmental protec-
tion to help increase tourists’ knowledge about the destination. Guided tours or interpretive
services should be offered regularly to enhance visitors’ awareness of and appreciation for
the environment. Second, skilled and informed environmental interpretation is necessary to
facilitate knowledge about nature, culture and history, and the relationship between people
and the environment (de la Barre, 2013; Xu, Cui, Ballantyne, & Packer, 2013). Through
program participation and activities involvement, tourists will gain knowledge of the visited
places, and develop sensitivity for those particular sites during guided tours. Third, they
need well informed campaigns based on the types of market research carried out for this
research to build the image of environmentally responsible tourism. Finally, after sensitivity
has been enhanced, tourists should then demonstrate place attachment toward the destina-
tion, and once tourists are attached to the specific place, they will exercise ERB. These pro-
cesses will benefit the destination, and focus and enthuse its management. Moreover, in
order to preserve natural and cultural resources, in addition to enacting laws to regulate
behaviors harmful to the environment, other authorities should actively reinforce tourists’
attachment to tourism locations and facilitate their ERB by providing signboards, interpre-
tive programs, guided tours, environmental education activities, and printed and online
materials, all aimed at creating a new unique selling point for the Penghu Islands, leading
to their sustainable tourism development.
Limitations and future research directions
Tourism destinations can formulate strategies for sustainable tourism by identifying the
antecedent variables of tourists’ ERB. However, there are some limitations to this study.
First, this study targets only Penghu. Future studies are needed to explore other areas with
special features, in order to examine the differences of the variables in different types of
trips. Second, this study investigated the ERB of tourists in Penghu by convenience sam-
pling, and conducted the survey during summer vacation due to its high visitation rate.
However, the results are only representative of that period. Long-term performance of
tourist behaviors will be validated by long-term exploration and analysis of different peri-
ods. Third, the research model of this study demonstrated the relationship among four
variables. Future researchers should focus on other variables, such as attitude toward sus-
tainable tourism development and supports for sustainable tourism, in order to explore
the causal relationship of ERB. Fourth, future researchers could conceptualize tourists’
collaborative behaviors in sustainable tourism, and develop a scale to explore collabora-
tive behaviors, in order to enhance sustainable tourism through interaction between tou-
rists and local residents.
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